The aim of this study is to compare the hen-day egg production (HDEP) (%), egg size (ES) (g), feed intake (FI) (g), bodyweight (BWT) (kg), body weight gain (BWTG) (g), feed conversion ratio (FCR), feed utilization (FU), and mortality of imported and local commercial egg layers from one to 20 wk of lay, as well as to predict their egg sizes. Two-thousand-sixhundred Hy-line Silver Brown commercial layers (imported) and 2,470 Boschveld indigenous commercial layers (local) were reared from d old to 44 wk of age and fed the same diet throughout. ANOVA was used to test their effects due to the strains, and the CHAID algorithm of regression tree method was used to predict the ES. The local strain came into lay first at wk 20, while the imported came into lay at 21 wk of age. The imported layers performed better in ES, FI, HDEP, BWTG, and FCR (P < 0.05) throughout the laying period, while the local layers were better (P < 0.05) in BWT with higher mortality than the imported. Also, the imported layers performed better in FU (P < 0.05) at wk 4, 8, and 24. Among the imported, the highest ES (58.116 g) was obtained from chickens with HDEP of 13.266 < HDEP < 20.35 and FI of 137.95 < FI< 138.176, while in the local layers, the highest ES (54.802 g) was obtained from chickens with HDEP of 37.876 < HDEP < 47.802.
rising, compared with foods of plant origin, such as cereals. These changes in consumption, together with sizeable population growth, have led to large increases in the total demand for animal products in many developing countries, and this trend will continue [1] . Many commercial strains of egg layers have been developed for meeting these demands. These strains, among others, include the Hy-Line Silver Brown, which is among the most prolific egg layer, producing over 330 rich brown eggs up to 74 wk into laying peaks and beginning to lay earlier with medium egg sizes. These traits combined with a heavier mature layer weight, excellent livability, and a robust adaptable temperament give the HyLine Silver Brown strain the perfect balance, in both alternative production systems and intensive production systems [2] . However, the performance of these commercial breeds needs to be tested in the environments where they are reared for production to ascertain their productivity in relation to their proposed performance in their management guides [3, 4] .
The indigenous chicken also plays an important role in the livelihoods of most rural families in Africa. Despite increased use of commercial breeds by large-scale producers, around three quarters of chickens on the continent are indigenous breeds [5] . Indigenous poultry farming using native breeds is being practiced in many developing and underdeveloped countries throughout the world [6] [7] [8] [9] [10] . The importance of native birds for rural economy is immense in different countries [6, 9, 11] . Although these birds are being used for rural backyard poultry production, their genetic potential has not been fully exploited. The Boschveld indigenous chicken is among such breeds, and it is developed by combining the genetic potential of three indigenous breeds. These indigenous breeds include the Venda, Matabele, and Ovambo, which were crossbred and developed into the Boschveld indigenous breed [12] . It was developed for the deep rural areas of South Africa and Africa where there is no access to electricity, which hitherto enabled farmers and consumers to go to the supermarket and stock up on frozen chickens. Boshveld strain of chicken was developed to meet the protein needs of the deep rural people of South Africa, being a resilient chicken that can fend for itself, survive under harsh conditions and could yield substantial amount of eggs before it is slaughtered for meat [12] . One major advantage of this breed of chicken is that it can feed on homemade feed rations and also free range, yet attain body weights comparable to broilers, thereby cutting down on the amount of feed that the farmer has to give them.
Egg weight is the most important egg quality trait in both table and hatching eggs, as the nutrient content of eggs and the weight of day-old chicks depend on it [13, 14] . The egg weight of a hen is affected by many factors such as heredity [15] , breed, strain, age of hen [16] , body weight, feed and water consumption, ambient temperature, and diseases [17] . It is an important trait that influences egg quality as well as egg grading, hence economic needs and value [18] . Being a trait that is influenced by many factors, it is important to understand its predictors in commercial layers using the regression tree analysis method (RTM) and the laying parameters measured as independent variables. In recent years, RTM has been adopted extensively in the animal science field, such as in the prediction of body weight and milk yield in different sheep and cattle breeds [19, 20] ; in the prediction of the slaughter weight of Ross 308 broiler chickens [21] ; in the prediction of egg weight based on egg quality characteristics, such as shell weight, albumen weight, and yolk weight [22] ; and in the prediction of body weight from withers height, chest girth, and body length for indigenous Pakistan sheep [23, 22] , recommending the use of RTM as a very good tool in prediction due to its greater accuracy than the multiple linear regression and ridge regression methods. However, there is a dearth of information on the use of RTM in the prediction of egg weight based on laying parameters.
Therefore, this study was conducted to compare the laying parameters of 2 layer strainsthe Hy-line Brown commercial layer breed and Boschveld indigenous commercial strain reared intensively together up to 44 wk of age, as well as to predict the egg sizes of these 2 strains of chickens using the CHAID algorithm of the RTM method based on laying parameters as predictors.
MATERIALS AND METHODS
A total of 2,600 Hy-line Silver Brown layer strain and 2,470 Boschveld local layer strain was procured from [24] and [12] , respectively, at one d old, and brooded and reared together in adjourning layer houses until point of lay. Each of the strains was replicated into 3 compartments from one d old until laying, comprising an average of 866 birds each for the Hy-line strain and 823 birds each for the Boschveld strain, per replicate. At point of lay, the number of hens was reduced to an average of 864 birds each per replicate of the Hy-line strain and 610 birds each per replicate of the Boschveld strain, all due to mortality. The Boschveld came into lay at 20 wk of age, while Hy-line strain came to point of lay at age 21 weeks. The experiment commenced after approval was secured from the College of Agriculture and Animal Health Ethics committee of the University of South Africa, Florida Science campus. The experiment was conducted between April and September 2013 in the area described in [25] . The general chicken handling and management were carried out according to [25] with each house partitioned into 3 compartments serving as replicates. The feeding troughs were firmly attached to the wire mesh of the house to avoid spillage of feed, while the drinkers were piped into the building and firmly attached to the building. Feed and water were provided ad libitum from starter to layer stage throughout the experiment. Wood shavings were provided as litter materials to absorb moisture at a depth of 5 cm on the floor before introducing chicks, and later were built up to a depth of about 15 cm by adding more litter material as the chicks were growing. Artificial light from 40-watt bulbs was provided for every 250 chicks during the brooding stage, and warmth was provided with hoovers. The lighting was discontinued at 6 wk after brooding, as natural lighting was maintained throughout the experiment.
The layers were fed commercially mixed diets according to [26] , and the nutrient composition is as follows:
Data Collection
All the parameters measured, including egg size (ES) (g), hen-day egg production (HDEP) (%), feed intake (FI) (g), body weight (BWT) (kg), body weight gain (BWTG) (g), feed conversion ratio (FCR), feed utilization (FU), and mortality, were collected from point of lay. Daily FI was determined by calculating the quantity of feed given minus the leftovers. Eggs also were collected daily and stored, and then 100 were picked randomly and weighed individually using a sensitive weighing scale [27] . The HDEP was determined by dividing the number of eggs produced by the number of chickens available and then multiplying by 100 at the various ages of production:
hen day egg production (%) = number of eggs produced number of hen available × 100
The BWT of the chicken was also taken, starting from point of lay until the end of 44 wk of age. This was done by randomly sampling 50 birds in the 2 houses, and their weight was taken using a sensitive scale [27] . The BWTG was measured as the difference between the current weekly BWT and the previous weekly body weight. FCR was measured as the ratio of FI and BWTG, while feed utilization (FU) was measured as the ratio of BWTG and FI. Mortality was recorded every d from the 2 houses upon sighting a dead chicken, and reported in terms of percentage of available hens.
Statistical Analysis
The raw data were first analyzed using the descriptive statistics procedure according to [28] , to establish the mean, standard error of mean, coefficient of variation, and number of observations for the parameters. The effects of strains on the production characteristics of the 2 layer strains was analyzed using the General Linear Model (GLM) procedures of [28] in a completely randomized design (CRD), and the Student-Newman-Keuls test for multiple comparisons was used to separate the significant means between the strains (treatments) when there were significant effects, according to [28] . The statistical model is described in [29] .
To understand the best predictors of ES, the egg laying parameters-FI (g/b/d), BWT (kg), BWTG (g), percentage HDEP, FCR, FU, and mortality-were modeled using RTM based on the CHAID algorithm [23, 30] . The CHAID algorithm methodology was further explained in [29] , with Bonferroni adjustment performed for RTM based on the CHAID algorithm to obtain adjusted P-values of F-values. The tree-based algorithm, having an automatic pruning process in ignoring unnecessary nodes in the decision tree, uses the F significance test when a continuous dependent variable is used. We applied a 10-fold cross-validation under the statistical evaluation. Initially, Pearson correlations were estimated between pairs of laying traits. The predictive power of RTM was measured by using the coefficient of determination (R 2 ) as a proportion of the explained variability in egg size. The RTM was analyzed by using the procedure according to [31] .
RESULTS AND DISCUSSION
The effect of strain on the ES parameter showed a consistently significant higher ES (P < 0.05) in the Hy-Line breed than the Boschveld, from 24 to 44 wk of age ( Table 1 ). The same also was observed in HDEP and FI, where HyLine commercial breeds were significantly better (P < 0.05) than Boschveld breeds, except at wk 24 when the Boschveld breed had significantly higher HDEP. However, the BWT parameter showed that the Boschveld breed consistently expressed significantly higher BWT (P < 0.05) than the Hy-Line breed from 24 to 44 wk of age, except at wk 32 when no significant difference was reported.
For the BWTG parameter, the Hy-Line breed gained significantly more than Boschveld at 32, 36, and 40 wk of age, but no significant effect at 28 or 44 wk, except at wk 24 when Boschveld gained significantly more than Hy-Line. For the FCR, there was no significant effect from wk 32 to 44 between the 2 breeds, but at wk 24 and 28, Hy-Line was significantly better than Boschveld. Also the FU parameter showed the Hy-Line breed performing significantly better at wk 24, 28, and 44, whereas it was non-significant at 32, 36, and 40 wk of age. The Boschveld breed had mortality levels recorded significantly at 32, 36, and 40 wk, while at 24 wk, the Hy-Line breed was significantly higher. There was no significant effect at 28 or 44 wk of age.
A decision tree diagram was constructed based on the CHAID algorithm for obtaining detailed information on the independent variables significantly affecting ES in the Hyline breed ( Figure 1 ) and in the Boschveld indigenous breed (Figure 2 ). In the Hy-Line breed, FI and percentage HDEP were the significant independent variables constructing a decision tree diagram and accounted for nearly all (99.998%) of the total variation in ES. Of these independent variables, FI (f = 1804.95, df1 = 1, df2 = 5174) (adjusted P-value = 0.001) was a prime variable on ES, which was followed by HDEP in significance order. As a result of increasing FI, ES averagely displayed a great range of 54.08 to 57.049 g from node 1 to node 2. Node 0, known as root node at the top of the RTM diagram, was presented in all the eggs studied. The average ES for node 0 was 55.23 (σ = 3.039) g from 308 eggs. Node 0 was divided into 2 new child nodes on the basis of FI. Within these 2 nodes, both appeared to be non-terminal nodes. Node 1 (a cluster of eggs produced within FI≤137.325) was branched into nodes 3 to 9 with reference to HDEP, and the average ES of node 1 was estimated to be 54.061 (σ = 2.540) g with (n = 224 eggs) with 60.9% of the eggs being determined by this portion of the node. Node 1 indicates that there is a profound impact of HDEP on ES (f = 22.57, df1 = 6, df2 = 2153, adjusted P-value = 0.001), resulting in nodes 3 to 9, all being terminal nodes. Node 3 produced a mean ES of 54.659 (σ = 3.870) g and a cluster of eggs with HDEP ≤ 3.562%, (n = 36). Node 4 consists of a cluster of eggs with HDEP ranging in 3.562%< HDP ≤ 13.20%, providing the average ES of 52.898 (σ = 2.732) g from 38 eggs, predicting 10.3% of the ES. The average ES of 54.623 (σ = 1.682) g was predicted in node 9 being a cluster of eggs with HDEP ≥ 61.40% (n = 13), which is also a terminal node. Node 2 had 39.1% of it determining the predictability of ES with a profound impact of FI on ES. It is a non-terminal node with mean ES of 57.049(σ = 2.70) g and n = 144 eggs, and 57.192 g ES predicted. It also had child nodes developed for nodes 10 to13. This also shows an impact of FI on ES (f = 92.432, df1 = 3, df2 = 3012, adjusted P-value = 0.001). These 4 nodes (10 to13) show the statistically significant effect of FI on ES with node 10 comprising a cluster of eggs produced within FI ≤ 137.650 g of feed taken, with mean ES of 55.633 (σ = 2.359)g and n = 34 eggs. Node 12 contained eggs produced within 138.176 < FI ≤ 138.176 and FI > 137.309, with σ = 2.864 and n = 34 in the Hy-Line breed of chicken.
In the Boschveld indigenous chicken, the results show that ES is solely predicted by HDEP, as shown in node 0, with f = 98.792, df1 = 5, df2 = 5170, adjusted P-value = 0.001. This shows a mean ES of 50.339 (σ = 8.319) g with n = 368 eggs and 100% predictability of ES. Node 0 was further divided into 6 child terminal nodes on the basis of HDEP, with node 5 predicting the heaviest ES of 54.620 (σ = 15.92), n = 74, being 20.1% prediction, based on a HDEP ranging between 37.876 < HDEP ≤ 47.802, while node 1 predicted the lowest ES of 45.803 (σ = 2.614) g, n = 74 eggs, based on HDEP ≤ 15.933.
Most imported commercial egg layers are known to be prolific and more productive than the local strains in terms of production parameters. However, between the 2 layer breeds compared in this study, only the BWT showed a significantly better performance in the local strain than the imported commercial layer throughout the study. This shows that the Boschveld indigenous strain is a dual-purpose, heavy breed of chicken with peculiar characteristics for enhanced table meat and egg production. In terms of point of lay, even though they both came into lay at about the same age (20 to 21 wk), the period is within the time expected for them to come into lay, as reported by several authors. An average age for first egg of 20 to 24 wk in Nigerian indigenous breeds was reported by [32] , while [33] reported an average age of 22.7 wk in Isa Brown commercial egg layers. The management guide for the imported layers, however, showed that the age at first egg is 18 wk, while they started laying at 21 wk in the new environment. However, the egg production of chickens is a result of many genes acting on a large number of biochemical processes, which in turn control a range of anatomical and physiological traits. With appropriate environmental conditions (nutrition, light, ambient temperature, water, freedom from diseases, etc.), the many genes controlling all the processes associated with egg production can act to allow the chicken to express fully its genetic potential [15] . The ES recorded in these breeds appear to be within the range reported elsewhere. An average egg weight of 59.18 g for Isa Brown hens between 20 and 40 wk of lay was reported by [34] . Also, [35] reported an average of 58 g for egg weight among Leghorn hens throughout their laying, which is about the egg size of the Hy-Line breed at 24 wk, and higher than the indigenous breed. This study revealed that the imported commercial strain laid more eggs as they grew in age, compared to the Boschveld local strain, except at wk 24 HDEP. This is similar to the findings of [3] where the indigenous Australian breed (Tegel SB) performed lower than Hy-line Brown (an imported commercial breed) in a comparison of imported and local strains of commercial layers in Australia. However, in relation to [2] , the percentage HDEP was far lower at various ages, particularly at 24 wk of lay, with 67.67%, while in the management guide, it was expected to be between 92 to 94%. This might not be unconnected to differences in the environment where they were produced, which affects the productivity of the imported strain. The FI also showed an intake by Hy-Line up to 24 wk consistently higher than Boschveld. This is similar to the findings of [3] where he reported that the indigenous line of Tegel SB consumed lower feed (135 g/d) compared to the imported commercial breeds (139 g/d). This may not be unconnected to their prolific laying ability, as more feed consumed is converted to eggs. Moreover, the Hy-Line FI in comparison to the management guide showed that at 24 wk of lay, it ought to consume 107 to 113 g/d, but it consumed 138.23 g/d in this study, which is higher. This might be due to the energy and protein levels in the diet, which might vary, as chickens consume more in order to meet their energy and protein needs. A lower FI in the hot, humid Nigerian environment for the Lohmann Tradition strain of chicken than in the management guide of the commercial strain also was reported [4] . Mortality reported in this study is lower than in the management guide, showing that good management was employed. However, the Boschveld breed recorded higher mortality than the Hy-Line. This is opposite of what [3] reported for the indigenous breed, where mortality of 7 to 9% was reported for the Tegel SB breed, while Hy-line Brown was 37.5%. This shows that the local strains ought to exhibit lower mortality, as they are adapted to the environment, but the case of Boschveld chickens here might be due to the restrictions of rearing them in an enclosure as opposed to being natural free-range animals. The egg weight also showed that the Hy-Line breed recorded higher values than the indigenous. This is in line with the findings by [3] where the Tegel SB breed recorded lower egg weight (59.2 g) in relation to 63.2 g average of the commercial layers at 22 to 66 wk of lay. But in relation to the [2] , the egg weight at 24 wk of lay in this study is 58.14 g, while the management guide is 61.30 g. This is lower than expected, which is also in line with the findings of [36] that the differences in environment where the commercial breeds were produced and reared result in disparity in their productivities and performances. The BWT of the 2 breeds showed that Boschveld was consistently heavier. This is similar to the findings of [3] where he reported a heavier weight in Tegel SB than Hy-Line Brown. The FCR and FU show that the commercial breed was performing better than the indigenous breed. This is expected, as the commercial breeds were selected and bred for better FCR and FU, which are expressed properly here in a different environment. However, in relation to the management guide, the values are higher for FCR but lower for FU [2] . These findings have shown that although the indigenous commercial strain of layers is reared and raised in its natural environment, its laying performance is still below that of imported foreign commercial strains developed in Europe and America. However, only the BWT parameter trait exhibited better performance than the imported strain.
In terms of the prediction using RTM, this study has shown that the ES of Hy-Line Silver Brown commercial layer strains are mostly predicted by the FI and percentage HDEP parameters, while in Boschveld, the percentage HDEP predicted only the ES. A significant prediction of egg weight with over 99.988% accuracy from egg quality parameters such as shell weight, albumen weight, and yolk weight using RTM was reported [22] . In the imported commercial strain, the FI predicted 100% of ES, which is subsequently broken down into percentage HDEP and FI, with HDEP contributing 60.9% and FI contributing 39.1%. This implies that the HDEP, which is influenced by good management, needs to be improved upon in order to enhance ES in the Hy-Line strain. In the local layers, however, the HDEP determined only the ES up to 100%, hence as the HDEP increases, so also does the ES. However, at node 5 where the HDEP was between 37.876 < HDP ≤ 47.802 the ES performed best. This suggests that this strain of commercial layer gives best ES around this level of HDEP within 24 wk of lay. Although the number of independent variables used by [22] were fewer than the ones used in this study, RTM still showed a very reliable and accurate method of prediction as the predictor of ES based on very high R 2 values and highly significant P-values. This is in line with the position of [21] and [37] that RTM is not influenced by multicollinearity, outliers, or missing observations.
CONCLUSIONS AND APPLICATIONS
This study has shown the differences between a foreign commercial layer (Hy-Line Silver Brown) and local commercial layer (Boschveld), both reared in the same environment. It has shown that:
1. Although the indigenous commercial strain of layers is reared and raised in its natural environment, its laying performance is still below that of imported foreign commercial strains developed elsewhere. However, only the BWT parameter exhibited better performance than the imported strain. 2. The prediction model also has shown that the FI and HDEP best predicted the ES in the foreign commercial layer, while percentage HDEP best predicted only the ES in the local commercial layer strain.
